The factors controlling anaphylaxis are discussed.
I. INTRODUCTION
McMaster and Kruse (1949) and Solotorovsky and Winsten (1954) were the first workers to demonstrate that small shocking doses of antigen are just as effective, and often more so, as large doses in producing severe anaphylactic shock in mice. Investigations of the optimal shocking and sensitizing doses of different antigens by Solotorovsky and Winsten (1954) and Cameron (1956) were restricted by the use of an all-or-none score. Since Claringbold and Sobey (1957) developed a quantitative score for different degrees of anaphylaxis it was decided to examine further the relationships of shocking and sensitizing doses to severity of anaphylaxis.
Several factors might influence the severity of an anaphylactic shock. The three factors we have taken into consideration in the experiments described below are as follows:
(i) The level of antibody made available. In passive anaphylaxis this will depend on the amount of antibody injected; in active anaphylaxis it will depend on the nature of the sensitizing dose and the response of the animal to this dose. (ii) The size and route of the shocking dose. (iii) The innate susceptibility of the animal to the whole anaphylactic process. The final outcome, which is an anaphylactic shock of greater or less severity, can be scored. This score is referred to as the anaphylactic score. In so far as the score is dependent upon the state of the animal prior to the shocking dose, it will depend upon the extent to which the animal has been primed (by the injection of antibody, or the sensitizing dose of antigen) and its innate susceptibility. This state will be referred to as the animal's anaphylactic potential. Different animals having the same level of available antibody may have different anaphylactic potentials because of their individual innate susceptibility to the whole anaphylactic process. This innate susceptibility will be referred to as the animal's anaphylactic sensitivity.
Thus an animal's anaphylactic potential may depend upon the amount of antibody which the experimenter has chosen to inject, or it may depend upon the amount of antibody which the animal has produced in response to a priming dose of antigen, as well as its own anaphylactic sensitivity. An animal's anaphylactic sensitivity depends solely on its innate nature. The anaphylactic score recorded for an animal would depend on the animal's anaphylactic potential at the time a shocking dose was given and the size of the shocking dose. In factorially designed experiments, such as those to be described, where animals are randomized to treatment groups, variation between animals will be distributed at random. Thus in the experiments concerned with active anaphylaxis, differences between animals in their ability to produce antibodies and their anaphylactic sensitivity will only contribute to the error term. The variables under study, shocking and sensitizing dose, may be interpreted in terms of anaphylactic score without further regard to differences in anaphylactic potential. In the experiment concerned with passive anaphylaxis, anaphylactic sensitivity is distributed at random but the level of available antibody is one of the variables under study. Therefore, in terms of anaphylactic score, it is possible to observe changes in anaphylactic potential with different levels of available antibody, and their relation to the other variables studied. .
In order to compare different individuals with respect to anaphylactic sensitivity it would be necessary to make available the same amount of antibody to each individual and use a uniform shocking dose. Adult female albino mice, weighing about 20 g, obtained from a randomly bred strain were used in this work. The mice were given standard mouse cubes and water ad lib.
II. MATERIAL AND METHODS

(a) Mice
(b) Antigen
Bovine plas:ina albumin (B.P.A.) (Armour fraction V) was used throughout. In all experiments requiring active sensitization, half the total dose was given in each of two intraperitoneal injections which were spaced by a week. The shocking injections were administered intravenously, and, except where otherwise stated, were given 1 week after the last sensitizing injection. All injections were of 0·5 mI.
(c) Preparation of Antiserum
High-titre antiserum was prepared from selected rabbits which received a total of 16 bi-weekly intravenous injections ofB.P.A. This antiserum gave an optimal proportions reading of 9 on the scale given by Sang and Sobey (1954) , i.e. the first tube to flocculate contained equal volumes of antiserum and B.P.A., the final concentration of the latter being 0·1 per cent. . . 
(d) Quantitative Score
The score as described by Claringbold and Sobey (1957) . Animals displays absence of any desire to move, huddles in a corner, with laboured breathing and infrequent convulsive movements. The animal will move when stimulated. 59
Paralysis, partial or complete. The animal does not move when stimulated or moves slowly, dragging its hindquarters.
65
Death. The value given to each symptom was arrived at by discrimanant analysis.
Two observers scored each experiment independently without pre-knowledge of the treatments accorded the mice under observation. The repeatability of scoring was found to be high (r = 0·76, Z = 0·9 ± 0'09) and a mean of the two scores was used. 
(e) Experimental Design
All the experiments described are of factorial design (Cochran and Cox 1950 ) and since the treatment variables, sensitizing and shocking dose, are not constant over all experiments they are detailed for each experiment in the text.
III. RESULTS
(a) Active Anaphylaxi8
(i) Experiment I.-This was a 42 factorial experiment with four mice in each treatment group. The two variables studied, sensitizing and shocking dose, were each given at four different levels. The experimental design and the results obtained are given in Table 1 together with the analysis of variance of these results. Anaphylactic score increased log-linearly with increased sensitizing dose, suggesting a dependence on the quantity of antibody produced. Anaphylactic score decreased log-linearly with increased shocking dose. Neither response line showed an inflexion point and a further experiment was undertaken to extend the range of both variables.
(ii) Experiment 2.-Apart from the size of the shocking and sensitizing doses this experiment was identical with the previous one. The design and results and their analysis of variance are given in Table 2 . The size of the sensitizing dose had no significant effect on anaphylactic score, suggesting that doses of 25 mg and above do not significantly increase the antibody response. Anaphylactic score increased log-linearly with increased shocking dose. In both this and the previous experiment the optimal shocking dose was 0·05 mg. One animal out of 16 injected with saline 
', " '. was scored 29. This frequency of mis-scoring of this symptom would have little effect on the results. The two experiments are plotted together in Figure 1 from which it appears that increasing sensitizing dose at all levels of shocking dose has a relatively slight effect beyond 25 mg.
(iii) Experiment 3.-To confirm the previous findings a larger experiment was undertaken. This was a 52 factorial experiment with five mice in each treatment group, i.e. a total of 125 mice. The design and results are given in Table 3 together with their analysis of variance. Anaphylactic score increased log-linearly with decreased shocking dose to 0·05 mg after which it decreased confirming 0·05 mg as the optimal shocking dose. The size of the sensitizing dose had no apparent effect on anaphylactic score. The scores reached (Fig. 2) are similar, though not identical with experiments 1 and 2, and, although in each the optimum shocking dose is at 0·05 mg, there is some indication that it might be less where sensitizing doses are less.
(b) Passive Anaphylaxis
(i) Experiment 4.-This was a 3 2 X 2 factorial experiment with four mice in each treatment group, i.e. 72 mice in all. The sensitizing dose was an 0·5 rol intraperitoneal injection of rabbit anti-B.P.A. diluted in normal saline and was given at three levels. The shocking dose was given at three levels, and the shocking was carried out at two different times after sensitizing.
Olitsky and Lee (1955) used up to 2 ml of neat rabbit serum in intraperitoneal injections to sensitize mice passively. We found our rabbit serum to be toxic to about 15 per cent. of our randomly bred mice if given neat in doses of 0·5-1 ml intraperitoneally, but non-toxic when diluted 1/5 in normal saline. The serum had a Forssman titre of 1/64 indicating the reason for the deaths. Absorption of the neat serum by sheep red cells reduced the number of deaths; when 0·5 ml of absorbed serum was given intraperitoneally no deaths out of 24 mice occurred whereas three deaths out of 24 occurred without absorption. Given intravenously, one death out of 10 occurred when absorbed serum was injected, and three deaths out of 10 without absorption. While these data suggest that absorption may reduce the number of deaths they are not statistically significant. To avoid losses, the highest concentration used in the experiment was a 1/5 dilution in saline. The design and results of the experiments and the analysis of variance are given in Table 4 . Anaphylactic score increases log-linearly with increased antibody concentration. The response line to shocking dose is quadratic with the inflexion point at a dose of 0·05 mg, the same optimal as found in the previous experiment. The significant interaction between shocking dose and sensitizing dose appears to be due to markedly quadratic response to the sensitizing dose of 1/5 and the more linear responses to 1/25 and 1/125 (Fig. 3) . This indicates a shift of the optimal shocking dose with the lowering of sensitizing dose, a trend of which there was some suggestion in the experiments on active anaphylaxis (Figs. I and 2) . 
IV. DISCUSSION
It is seen from Table 4 that anaphylactic score increases log-linearly with the amount of antibody made available, demonstrating the dependence of anaphylactic potential upon the level of available antibody. Pittman and Germuth (1954) , using two rabbit anti-B.P.A. sera containing 0·816 and 2·52 mg antibody nitrogen respectively, found that deaths due to anaphylaxis were consistently higher where the serum containing the most antibody nitrogen was used, although they were unable to demonstrate a statistically significant difference.
-The first three experiments, involving active anaphylaxis, all indicate the optimal shocking dose to be in the region of 0·05 mg. This same dose was found to be optimal for shocking in passive anaphylaxis. While there is some suggestion that the optimal shocking dose may change with changing anaphylactic potential this is not marked, and, on the average, 0·05 mg is superior to any other shocking dose
